Subunit exchange and the role of dimer flexibility in DNA binding by the Fis protein.
Fis is an abundant bacterial DNA binding protein that functions in many different reactions. We show here that Fis subunits rapidly exchange between dimers in solution by disulfide cross-linking mixtures of Fis mutants with different electrophoretic mobilities and by monitoring energy transfer between fluorescently labeled Fis subunits upon heterodimer formation. The effects of detergents and salt concentrations on subunit exchange imply that the dimer is predominantly stabilized by hydrophobic forces, consistent with the X-ray crystal structures. Specific and nonspecific DNA strongly inhibit Fis subunit exchange. In all crystal forms of Fis, the separation between the DNA recognition helices within the Fis dimer is too short to insert into adjacent major grooves on canonical B-DNA, implying that conformational changes within the Fis dimer and/or the DNA must occur upon binding. We therefore investigated the functional importance of dimer interface flexibility for Fis-DNA binding by studying the DNA binding properties of Fis mutants that were cross-linked at different positions in the dimer. Flexibility within the core dimer interface does not appear to be required for efficient DNA binding, Fis-DNA complex dissociation, or Fis-induced DNA bending. Moreover, FRET-based experiments provided no evidence for a change in the spatial relationship between the two helix-turn-helix motifs in the Fis dimer upon DNA binding. These results support a model in which the unusually short distance between DNA recognition helices on Fis is accommodated primarily through bending of the DNA.